Abstract-We conducted a cost-benefit analysis of air pollution abatement options that considered income level by region in a residential sector of a ger area in Ulaanbaatar, Mongolia. The study selected three feasible measures, taking into account direct benefits (fuel savings), health benefits and investment costs. The net present value of the abatement combined options and the reduction of total suspended particulate (TSP) emissions during the investment timeframe were estimated. We also conducted double-bounded dichotomous contingent (DBDC) valuation surveys with 373 respondents to gather data on air pollution awareness and willingness to pay (WTP) for protection of health from air pollution. To assess the unit costs of health benefits, we relied on the willingness-to-pay study carried out as part of the CVM study, which derived a value of WTP of US$20.30, which is the value placed on protection of health from air pollution.
I. INTRODUCTION
Ulaanbaatar faces an air pollution problem, particularly during the winter months, and the pollution has several negative effects on human health. Currently, 60 percent of Ulaanbaatar"s population lives in the ger  areas, and the proportion is growing. Ger area heating systems burn continuously during the winter season and their contribution to the overall air pollution level then reaches 70 percent and more in the ger areas and up to 60 percent in the city center. The residents of these areas use coal-fired stoves for both heating and cooking. Because ger area residents have no access to the district heating system, they have to depend on their own heating systems. The average households consumed about 4 t of raw coal and 3.18 t of wood during the heating season. Particulate matter PM 10 and PM 2.5 
concentrations in
Ulaanbaatar are 3 to 6 times greater than Mongolian air quality standards (AQS), and annual average concentrations are 75 ~ 150μg/m 3 and 150 ~ 250μg/m 3 , which is 7 to 15 times higher than the WHO standard ratio, and these are among the highest measured values recorded in any world capital (Table  I, Table II ). We conducted cost-benefit analysis (CBA) for the air pollution abatement combined options. This study targeted air pollutant abatement options for the major source of coal fired stoves in the ger area, Ulaanbaatar.
II. METHODS
We conducted a cost-benefit analysis of air pollution abatement options in a residential sector of the ger area considering income level by region. The combined various abatement options included relocation of ger area households into apartments, using electric heaters instead of coal stoves, and installing central heating systems.
We also conducted a double-bounded dichotomous choice (DBDC) contingent valuation (CV) survey with 373 respondents in October 2014 and collected complete information on air pollution awareness and respondents willingness to pay for protection of health from Air pollution. The survey was designed to collect data from a representative sample of respondents which living in the ger area and the apartment area in the Ulaanbaatar.
In addition, CBAs were conducted by comparing the costs such as investment costs of the measures and benefits such as health benefits. In order to estimate the health benefits obtained from willingness-to-pay (WTP), a study was carried out as part of the CV, and the emissions reductions were estimated by using the reductions in fuel consumption [3] .
III. QUESTIONNAIRE SURVEY

A. Survey Design
Pretest and pilot tests were conducted to assess the effectiveness of the survey. A pretest was conducted in September 2014 at Mongolian Science and Technology University. 40 students were interviewed in a pilot test which focused on the content of the WTP questions. The questionnaire consisted of three parts. The first section contained air pollution awareness questions, including queries about the current air pollution situation in Ulaanbaatar, understanding of PM2.5 and the relationship between PM2.5 and health, respiratory diseases and expenditures on treatment of these diseases, and understanding of the N95 standard mask for protecting health against PM2.5. The second part consisted of the contingent valuation survey. The final section contained socio-economic questions, including those relating to the gender, age, housing type, occupation, family size, and household income.
A final survey was conducted in October 2014. Questionnaire sheets were distributed and later collected by elementary school students, and questions were responded to by adults. Four elementary schools were randomly selected which are located in the ger area or the city center of Ulaanbaatar.
Our explanation involves three elements: 1) explanations about particulate matter (PM2.5) and health damages caused by PM2.5, and current concentrations of PM2.5 in Ulaanbaatar, 2) respondents" willingness to pay (WTP) for protection of health from particulate matter(PM2.5), and 3) payment objective and method.
The respondents were asked the following double-bounded dichotomous choice (BDDC) questions:
Air pollution abatement projects will be reducing Ulaanbaatar air pollution by 50% from 2014 to 2020. During the 7 years you need to protect your family health from air pollution. If you use a N95 standard mask it can protect your health from particulate matter (PM2.5) by more than 60%. Are you willing to pay some amount of money during the winter months (November to March) to protect your family"s health from air pollution? You would have to pay this amount for 7 years.
Would you pay US$16.40 a month? The background and validity checking questions used in this study are listed in Table III . Detailed descriptions of the variables are also given in Table III . These variables include the respondent"s demographic characteristics, socio-economic status, and the air pollution status in their resident areas from a subjective perspective.
The average age of respondents was from 30 to 39 years old. The mean household monthly income of respondents participating in our survey was about US$493, compared to the average household monthly income of US$579 in 2013, Statistics Department of Ulaanbaatar [4] . The percentage of respondents by housing type was apartment 40.2%, detached house in ger area 32.7%, ger 22.3%, and other 4.8%. The percentage of respondents" valuation for air quality of Ulaanbaatar was hazardous 53.4%, very bad 31.1%, bad 11%, and moderate 3.5%.
C. Estimation of WTP
In Table IV , the results of the WTP responses to the valuation questions can be seen, where the value is presented in US$ per month.
The dichotomous choice contingent valuation surveys can be improved by asking each respondent a second dichotomous choice question which depends on the response to the first question -if the first response is "yes," the second bid is some amount greater than the first bid; while if the first response is "no," the second bid is some amount smaller [5] .
The data was used to survey Ulaanbaatar residents regarding their willingness to pay to protect their family"s health from air pollution using N95 masks until air quality has improved. T1 represents the amounts presented the first time, TU the higher amounts presented the second time, and TL the lower amounts presented the second time. Estimation of WTP was calculated by the CVM double-bound of log-linear logit model using CVM.xsl version4 [6] .
These results showed that 97% of respondents were able to express a positive WTP, and that average WTP was US$20.30 per household, per month. It would be payed during the highly polluted 5 months of the year. Estimated average value of WTP is shown in Table V. 
IV. COST BENEFIT ANALYSIS
A. Introduction
We conducted a cost-benefit analysis of air pollution abatement options in the ger area of Ulaanbaatar (UB) considering income level by region. Abatement options included 1) ger area household"s relocation into an apartment, 2) using electric heating, and 3) installing a central heating system.
Detailed descriptions of abatement options from 2014 to 2020 are shown in Table VI .
The city consists of two main areas: the city center, with high-rise office and apartment buildings, and the surrounding ger areas, with mainly low-rise one story detached houses and gers [7] . In this survey, the ger area was divided into three parts by region and income level: city center ger area close to the city, residential middle-income households, mid-tier ger area residential low-income households, and fringe ger area residential lowest income households [8] . Currently 184,229 households (60% of Ulaanbaatar"s population) live in the ger areas, 54.5% in small detached houses, and 44.3% in gers.
Option (1) applies to 59,084 households which are in the city center and ger area relocation into apartments, and can be considered a ger area housing plan project.
Option (2) applies to 124,769 households living in mid-tier and fringe gers beginning to use electric heaters instead of coal stoves. If electric heaters were supplied in the ger area, it would increase electricity demand. Therefore, we analyzed the costs for combined measures, including electric heaters and wind power generation in the first Mongolian implementation project.
Option (3) applies to 17,500 households living in small detached houses in the mid-tier ger area and would involve installation of central heating systems.
B. Estimation of Pollutant Emissions Reductions
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Annual average fuel consumption of ger area households was 3.49 t of coal and 3.27 t of wood when using ger stoves, and 4.49 t of coal and 2.99 t of wood when using wall stoves. These estimates are based on the number of households reducing fuel consumption through abatement options. Emission reductions were calculated using the following calculations. Ger area households fuel consumption and emission factors are shown in Table VII . Estimated TSP, PM 10 , SO X , and NO X emissions reductions from abatement measures compared to BAU are shown in Fig. 1 . Emission reductions were calculated using the following formula:
Emission reductions ＝ Coal reduction (t) × coal emission factor (kg /t) / 1,000 + wood reduction (t) × wood emission (kg/t) / 1,000 
C. Estimation of Health Benefits
To assess the unit costs of health benefit, we relied on the willingness-to-pay study carried out as part of the CVM study, which derived a value of WTP of US$20.30, which is the value placed on protection of health from air pollution.
Respondents were willing to pay this amount for protecting their family"s health from air pollution over 7 years, when Ulaanbaatar air pollution will have been reduced 50%.
Cost benefits were calculated using the following formula:
Cost benefit = Number of households in year t ×WTP value×5 month (highly polluted seasons)
D. Estimation of Costs and Benefits
Net present value (NPV) of the cost is the initial investment in the pollution abatement options, and the benefit is the cost savings achieved through health protection WTP value [10] , [11] .
A 7-year timeframe was assumed with 13% discount rate [12] for all calculations.
NPV is expressed by Equation (1).
Bt is the benefit in year t, Ct is cost in year t, and r is the discount rate.
E. Results of Cost-Benefit Analysis
The net present value (NPV) of air pollution abatement combined options and each of the abatement options, the investment cost and the 7-year average emission reductions are shown in Table VIII. NPV of the combined options was estimated at US$-1499.73 million. We estimated that TSP and PM10 emissions would be reduced by 26,820t and 20,185t respectively and per t reduction of TSP would be US$97,890. As a result, the combined option average emission reduction was 41% and reached a maximum of 72% in the ger area over the 7 years.
Estimated emission reduction for each of the abatement options is shown in Fig. 2 .
Option (1), average emission reduction by ger area households relocating into apartments, was 13%, and the maximum reached 23% in the ger area. The per t reduction of TSP was US$243,994, highest of the three cases, but the living environment in general can expect a wide range of benefits.
Option (2), average emission reduction by electric heating, was 22%, reaching maximum of 42% in the ger area. The per t of reduction of TSP was US$33,320. Option (3), average emission reduction by installing central heating systems, was 5%, reaching a maximum of 7% in the ger area. The per t reduction of TSP was US$7,479. 
V. CONCLUSION
In this study, within a relatively short period of time we performed cost-benefit analyses for three feasible measures concerning air pollution in the ger area of Ulaanbaatar.
As for the results, the air pollution abatement combined option can be seen to reduce emissions approximately 50 percent in the Ulaanbaatar over 7 years. Reducing pollution concentrations would prevent illnesses, save lives and avoid enormous health costs.
The monetized health benefit through (DBCD) contingent valuation survey was estimated at 301.58 million US$ over the 7 years. The CVM results show all respondents expressing good attitudes about their willingness to pay to protect their family"s health from air pollution, but they responded negatively that they lacked awareness about health impacts from polluted air and about health protection methods.
The abatement measures to improve air quality were prioritized according to cost benefit analysis and feasibility.
Relocation of ger households into apartments is a long term option. New apartment buildings are established in newly developed areas, and in existing ger areas, but progress is very slow and large scale investment is needed. If there is a possibility of mortgage interest rates becoming cheaper, the housing transfer would increase, this could become an effective measure and the living environment in general could expect a wide range of benefits.
With the use of electric heaters instead of coal stoves in the ger area, emission reduction could be large, assuming that people will actually refrain from using coal once they have obtained an electric heater. Cost of electric heating is significantly higher than the cost of heating with coal, so subsidies would be needed. It would also be necessary to provide large-scale investment to expand power generation capacity.
Ger area households installing central heating systems is a mid-term option, and could reduce emissions at low cost. There would be an increased contribution of emissions from the local heating system, but this is estimated to be small compared to the consumption of coal used for heating in ger stoves. The costs of construction, as well as the incremental capacity needed for local heating, would need to be incorporated in the cost analysis, and these costs would be very high. 
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